The scarcity of fresh water in the Mediterranean region necessitates the search for halotolerant agents of biological control of plant diseases that can be applied in arid-zone agriculture irrigated with saline water. Among 29 Trichoderma strains previously isolated from Mediterranean Psammocinia sp. sponges, the greatest number of isolates belong to the Trichoderma longibrachiatum-Hypocrea orientalis species pair (9), H. atroviridis/T. atroviride (9), and T. harzianum species complex (7), all of which are known for high mycoparasitic potential. In addition, one isolate of T. asperelloides and two putative new species, Trichoderma sp. O.Y. 14707 and O.Y. 2407, from Longibrachiatum and Strictipilosa clades, respectively, have been identified. In vitro salinity assays showed that the ability to tolerate increasing osmotic pressure (halotolerance) is a strain-or clade-specific property rather than a feature of a species. Only a few isolates were found to be sensitive to increased salinity, while others either were halotolerant or even demonstrated improved growth in increasingly saline conditions. In vitro antibiosis assays revealed strong antagonistic activity toward phytopathogens due to the production of both soluble and volatile metabolites. Two marine-derived Trichoderma isolates, identified as T. atroviride and T. asperelloides, respectively, effectively reduced Rhizoctonia solani damping-off disease on beans and also induced defense responses in cucumber seedlings against Pseudomonas syringae pv. lachrimans. This is the first inclusive evaluation of marine fungi as potential biocontrol agents.
Plant diseases play a significant role in the destruction of agricultural resources. In particular, soilborne pathogens cause important losses, with fungi being among the most aggressive. Biological control, the use of specific organisms that interfere with plant pathogens and pests, is a nature-friendly ecological approach to overcome problems caused by standard chemical methods of plant protection. Trichoderma spp. are opportunistic fungi found in a large variety of ecosystems. Some strains have the ability to reduce the severity of plant diseases by inhibiting plant pathogens in the soil or on plant roots through their high antagonistic and mycoparasitic potential (47) . Trichoderma spp. produce numerous bioactive secondary metabolites which are species and strain dependent, including volatile and nonvolatile antifungal substances (38, 46) . Some Trichoderma rhizosphere-competent strains that can colonize root surfaces have been shown to have direct effects on plants, increasing their growth potential and nutrient uptake, fertilizer efficiency utilization, percentage and rate of seed germination, and induced systemic resistance (ISR) to diseases (37) .
Environmental factors associated with climate change, especially temperature and soil salinity, may influence plant pathogens, biocontrol agents, and mechanisms of their interactions. Due to the scarcity of fresh water (usually with an electric conductivity [EC] of 1 dS m Ϫ1 or less), especially in arid and semiarid areas, some agricultural crops are irrigated with saline water (EC up to 5 dS m Ϫ1 ). Crops tolerant to salt, like cotton and barley, can withstand EC levels above 7 dS m Ϫ1 ; most soils have an EC ranging from 2 to 4 dS m Ϫ1 , and seawater has an EC of 54 dS m Ϫ1 . High salinity may increase the severity of diseases caused by a variety of plant pathogens (15, 43) , and the search for new Trichoderma strains capable of overcoming extreme environmental conditions is timely.
Although Trichoderma is widely used for biological control in many climatic zones (49) , its ability to tolerate salinity has not been extensively investigated. Different degrees of salinity were found to have a different impact on the efficacy of the diverse antagonistic modes of action of T. harzianum in controlling Verticillium wilt in tomato (32) .
Significant progress has been made on the observation and identification of marine-derived fungi (18) . Many fungi isolated from various marine habitats have been found to be taxonomically closely related to species that are well known from terrestrial environments (16, 29, 31, 48, 50) . Paz et al. (29) isolated 85 fungal taxa from the Mediterranean Sea sponge Psammocinia sp., mainly by using a sample-compressing method in combination with fungicide-amended media. Abundant terrestrial taxa, such as Acremonium and Penicillium, were found along with potentially undescribed Phoma and Trichoderma species. The role (if any) of the fungi found in the Psammocinia species has yet to be elucidated. Since sponges are filter feeders, it is conceivable that fungal propagules have been filtered from the water (and some of these may originate from land, via dust and runoff) and are lodged in the sponge tissues, thus having no active role in the biology of the sponge (as has been suggested in the case of the coral pathogen Aspergillus sydowii, which is found in Spongia obscura [11] ). The aim of this study was to characterize the marine Trichoderma isolates to assess the potential of marine-derived isolates as halotolerant biocontrol agents.
MATERIALS AND METHODS
Microbial strains and plants. Twenty-eight Hypocrea/Trichoderma strains isolated from the Mediterranean sponge Psammocinia species (29) and the established biocontrol strain T203 (T. asperelloides [35] ) were routinely grown on potato dextrose agar (PDA; Difco). The list of marine-derived Hypocrea/ Trichoderma strains is given in Table 1 . The plant pathogens Botrytis cinerea (BO5.10), Rhizoctonia solani (TP6), and Alternaria alternata (tobacco pathovar from I. Chet, Israel), all from the Department of Plant Pathology and Microbiology, The Hebrew University of Jerusalem, Israel, were routinely grown on PDA and used as test pathogens in antagonistic in vitro and in vivo assays.
Cucumis sativus L. cv. Kfir (Gedera Seeds, Israel) seedlings were used for induced resistance assays to the bacterial leaf pathogen Pseudomonas syringae pv. lachrimans (51) , and Phaseolus vulgaris cv. Gloria (Ben-Shahar Seeds, Israel) seedlings were used in greenhouse biocontrol assays.
Halotolerance assays. Halotolerance was determined by cultivating fungi at a range of different NaCl concentrations (0 to 3%) in agar-free SNA medium (poor-nutrition agar [27] ) and its derivate enriched by carbon sources (1% glucose and 1% sucrose). Spore suspensions were adjusted to a final concentration of 10 5 spores per ml using a turbidimeter set at 590 nm and with sterile distilled water supplemented with traces of Tween 80 (0.01%). Ninety-six-well microtiter plates were prefilled with 2-fold-concentrated nutritional medium (50 l per well), with columns corresponding to manipulated conditions (nutrients versus NaCl concentration) and rows to identical replicates. In total, 50 l of a 2-fold-concentrated spore suspension was added to each well using an electronic multichannel pipette. Microplates were incubated at 25°C in the dark. Spore germination and mycelial growth were monitored spectrophotometrically by measuring the optical density at 750 nm every 24 h for 4 days (9) .
DNA extraction, PCR amplification, and phylogenetic analysis. Mycelia were harvested after 2 to 4 days of growth on 3% malt extract agar (MEA; Merck, Germany) at 25°C, and genomic DNA was extracted using a Qiagen DNeasy plant minikit (Hilden, Germany) by following the manufacturer's protocol. The amplification of fragments of the large fourth intron of tef1 (translation elongation factor 1-␣) and cal1 (calmodulin) genes, using primer pairs EF1728F (4) and TEF1LLErev (5Ј-AAC TTG CAG GCA ATG TGG-3Ј) as well as CAL-228F (5Ј-GAGTTCAAGGAGGCCTTCTCCC-3Ј) and CAL-737R (5Ј-CATCTTTCT GGCCATCATGG-3Ј) (cal1) (4), was performed as described previously (8) . The amplification of chi18-5 (GH18 chitinase CHI18-5; previously ech42) and rpb2 (encoding RNA polymerase subunit II ß) was performed using the primer pair ech42-1a and ech42-2a as described by Lieckfeldt et al. (21) and fRPB2-5f Trichoderma longibrachiatum  6607  3003  10  JF619248  7407  3005  2  JF421259  7507  3008  3  JF421262  14207  3012  2  JF421264  2607  3025  3  FJ619254  5007  3028  7  JF421273  7807  3016  3  JF421267  4607 and fRPB2-7cr (22) , respectively. PCR products were purified with the QIAquick PCR purification kit (Qiagen, Germany) and were subjected to automated sequencing at MWG (Ebersberg, Germany). For phylogenetic analysis, DNA sequences were aligned with the CLUSTAL X program (version 1.81) (42) and visually verified with GeneDoc software (version 2.6) (http://www.psc.edu/biomed/genedoc). The interleaved NEXUS file was formatted using PAUP*4.0b10 (40) . The phylogenetic position of the putative new species was inferred using the Bayesian phylogenetic method implemented in MrBayes v. 3 (34) with 1,000,000 mcmc generation and a general time-reversible model for nucleotide substitutions (GTR) (41) as described previously (2, 10). Posterior probability above 0.94 was considered significant (20) . Phylogenetic analysis for the identification of strains, but not inferring their evolutionary history, was performed using the maximum-parsimony method (observed p-distance, no evolutionary modeling required) implemented in PAUP*4.0b10 applying a heuristic search (n ϭ 1,000) with the random addition of sequences and the TBR tree-swapping algorithm. The reliability of the obtained clades was tested by 500 bootstrap replications. Bootstrap values of Ͼ75% were considered significant.
Chitinase activity assays. Trichoderma isolates were grown on SM medium (28) with 0.2% (wt/vol) colloidal chitin as the sole carbon source to induce chitinolytic activity in the presence of 2% (wt/vol) NaCl. A fluorimetric chitinase assay kit (Sigma, St. Louis, MO) was used to determine chitinase activity according to the manufacturer's instructions. Total protein (0.5 g) from mycelial extracts or concentrated extracellular medium was diluted in 0.05 M K-acetate buffer (pH 4.5) containing substrate (4- 
to a total final volume of 100 l. Assays were carried out in 96-well assay plates. After incubation at 37°C for 15 min, the reaction was stopped by adding sodium carbonate solution (0.3 M), and fluorescence was measured by a 96-well microtiter plate reader (Synergy 2; BioTek) using excitation and emission filters of 360 and 450 nm, respectively. Chitinase activity was expressed in nanomoles of methylumbelliferone (4-MU) released from substrate per hour per microgram of soluble protein.
In vitro antagonistic assays. The antagonistic ability of the isolates was tested in dual plate confrontation assays against the plant pathogens A. alternata, R. solani, and B. cinerea on solidified SM medium (28) . To measure the ability to produce water-soluble inhibitors, petri dishes with PDA were covered with cellophane disks (Bio-Rad) and inoculated in the center with a 5-mm-diameter mycelial disk of Trichoderma isolates (T203, O.Y. 1607, O.Y. 14707, O.Y. 7107, and O.Y. 3807). After 2 days of incubation at 28°C, the cellophane was removed and the plates were inoculated with a 5-mm-diameter mycelial disk of the different plant pathogenic test fungi. The pathogen colony radius was measured periodically. For the antagonistic evaluation of emitted volatiles, a PDA petri dish with a 5-mm-diameter mycelial disk of a phytopathogen culture was fastened to another dish (using parafilm) on which a 2-day-old Trichoderma strain was growing. The pathogen colony radius was measured periodically.
HS-SPME-GC-MS analysis. An Agilent 7890A gas chromatograph (GC) equipped with a CombiPAL autosampler (CTC Analytics) and coupled to an Agilent 5975C VL MSD mass spectrometer (MS) (Agilent Technologies) was used for headspace solid-phase microextraction-GC-MS (HS-SPME-GC-MS) analysis. Trichoderma isolates were grown on PDA at 28°C for 7 days. After harvesting, 3,500 spores in 50 l water were placed in the center of slants consisting of 5 ml of PDA in 20-ml-HS vials. The vials were sealed and incubated at 28°C for 3 days. PDA-filled and empty HS vials were used to record background (blank) chromatograms to evaluate substances originating from the culture medium, bleeding of the GC stationary phase, or the SPME fiber coating. The analytical procedure and conditions used were the following: samples were placed in 20-ml-headspace vials and equilibrated in the incubator at 50°C for 10 min; to sample the volatile organic compounds (VOCs), an SPME fiber (65 m polydimethylsiloxane-divinylbenzene [PDMS-DVB]; Supelco) was exposed in the incubated vial at 50°C for 20 min, and the analytes then were desorbed from the fiber at 240°C in a split/splitless injector equipped with a 0.75-mm-innerdiameter liner in split (1:5) mode. The separation of VOCs was carried out on a BPX-Volatiles (60 m by 0.25 mm; 1.4 m; SGE) capillary column using helium as the carrier gas (1 ml min Ϫ1 ) and the following temperature gradient: initially 50°C for 1 min, then ramped at 10°C min Ϫ1 to 240°C and held for 10 min. The mass spectrometer was operated in electron ionization mode with automatically tuned parameters; the acquired mass range was 15 to 350 atomic mass units (amu). The ChemStation (Agilent Technologies) software package was used for instrument control and data analysis. VOCs were tentatively identified (Ͼ95% match) based on the National Institute of Standards and Technology/Environmental Protection Agency/National Institutes of Health (NIST/EPA/NIH) Mass Spectral Library (data version NIST 05, software version 2.0d) using the XCALI-BUR v1.3 program (ThermoFinnigan) library. Assessment of in vivo antagonistic activity and induction of plant systemic resistance. The antagonistic activity of the selected strains was evaluated against the pathogen R. solani in greenhouse experiments with bean seedlings as described in Carsolio et al. (3) . The induction of systemic resistance was evaluated in cucumber seedling leaves infected with the foliar pathogen Pseudomonas syringae pv. lachrimansas as described by Yedidia et al. (51) . Briefly, cucumber seeds were surface sterilized in 2% (vol/vol) NaOCl for 2 min and thoroughly washed with sterile distilled water. Growth containers with plant growth medium (PGM) were aerated through 0.45-m-pore-size filters. Plants were grown in a controlled environment: 26°C, 80% relative humidity, light at 300 E/m2/s, and a circadian cycle of 14 h of light and 10 h of darkness. Trichoderma isolates T203, O.Y. 3807, and O.Y. 1607 were added to the root compartment 72 h prior to pathogen challenge. After 3 days, leaves were collected for bacteria proliferation evaluation (51) .
Root colonization assays. Roots were detached at the end (after 14 days) of the greenhouse experiments described above and extensively washed in water. After sterilization in 1% NaOCl for 2 min, the roots were washed with sterile distilled water, weighed, and homogenized using an ULTRA-TURRAX apparatus (Janke and Kunkel) in 20 ml of water for 1 min. Serial dilutions were plated for CFU counts on PDA supplemented with rose bengal (20 mg liter Ϫ1 ), streptomycin (100 mg liter Ϫ1 ), and chloramphenicol (300 mg liter Ϫ1 ) (44) at 28°C.
Statistical analysis. JMP8 software (SAS Institute, Inc., Cary, NC) and Statistica 6.0 (StatSoft, Inc., Tulsa, OK) were used for statistical analyses.
Nucleotide sequence accession numbers. Newly determined nucleotide sequence accession numbers, all beginning with the designation JF, are shown in Table 1 . (6) to be recognized as a new phylogenetic species. Both new species will be formally taxonomically described elsewhere.
RESULTS

Diversity of
Twenty-six other isolates were safely identified by the analysis of tef1 as members of already-established common species (Fig. 2) : H. atroviridis/T. atroviride (nine isolates), T. harzianum sensu lato species complex (seven), the T. longibrachiatum-H. orientalis species pair (four and five, respectively), and T. asperelloides (one).
Biogeographical analysis reveals that marine Hypocrea/ Trichoderma strains represent common African and European populations. As the majority of strains isolated from the marine sponge belong to the cosmopolitan and widely distributed species of Hypocrea/Trichoderma, we wanted to test whether these strains represent new (i.e., putatively specialized to the marine environment) populations or correspond to known terrestrial clades. For this purpose, we compared the sequences of the most polymorphic phylogenetic marker, tef1, to previously published records (Fig. 2) .
The dominant holomorphic (reproducing sexually and asexually) species, H. atroviridis/T. atroviride, has a complex infraspecific structure defined in both the original description of the taxon (7) (Fig. 2A) and in later studies (26 (Fig. 2A) .
T. longibrachiatum recently has been shown to be a clonal species which therefore has only minor infraspecific polymorphism of any character, including tef1 introns (8) . Four of the marine strains showed two tef1 alleles (one unique and one represented by three isolates). Both of these alleles have been detected previously in various African and European ecosystems (Fig. 2B) . The sister species, sexually recombining and therefore more polymorphic H. orientalis, also was represented by two distinct alleles. One allele (four isolates) is known from Africa, Europe, and South America, while the remaining strain is most similar to the other South American variant of tef1 (Fig. 2B) .
Three distinct alleles of tef1 sequences were detected for strains attributed to T. harzianum sensu lato. Three different alleles (seven isolates) correspond to the three subclades of "H. pseudoharzianum" nom. prov. (three, one, and three strains, respectively), all proposed by Druzhinina et al. (10) . For all of these subclades, marine Trichoderma isolates exhibit tef1 identity to African (Ethiopia, Egypt, and South Africa) populations (Fig. 2C) .
T. asperelloides is a putatively clonal species and expresses almost no infraspecific polymorphism of any phylogenetic marker (35) , therefore no phylograms where constructed for isolate O.Y. 1607.
The majority of marine Hypocrea/Trichoderma isolates are either halotolerant or halostimulated, but these traits are not species specific. Seventeen strains representing major species and infraspecific clades were assessed for their ability to tolerate salinity. No resolution was obtained on agar-free starvation medium (liquid SNA), while SNA supplemented with carbon sources resulted in diversification. Although the majority of strains were able to tolerate 1% NaCl (EC of 15 dS m Ϫ1 ), seven strains demonstrated statistically confirmed improved mycelial growth on 3% NaCl-amended medium compared to the growth of the control (P Ͼ 0.05 by analysis of variance [ANOVA]) ( Fig. 3 ; also see Fig. S1 in the supplemental material). Among these strains, two belong to H. pseudoharzianum nom. prov. (Fig. 2C ) and two are from T. atroviride clade D (Fig. 2B) similar levels of activities were measured ( Table 2 ). The addition of 2% NaCl revealed a strong inhibitory effect (70 to 90%) on the chitinolytic activity of all strains, with the exception of the intracellular exochitinolytic activity of strains O.Y. 1607 and T203, which were affected to a lower extent (40%) ( Table 2) . Table 3 . ␤-Phelandrene and 6-pentyl-2H-pyran-2-one are unique for O.Y. 3807 (T. atroviride), and since the latter compound was found to be 85% of all emitted volatiles, it is reasonable to assume that this is 1607 , exhibiting the most pronounced antagonistic activity in vitro, were chosen for further characterization of their potential biocontrol ability in soil. As determined in greenhouse experiments, both strains reduced the disease index of R. solani root rot on bean seedlings at levels comparable to those achieved by the terrestrial control strain T203 (Fig.  5A) . Specifically, disease incidence was reduced to 50% by the marine-derived isolates, which is an even higher rate than that observed with the terrestrial strain T203 (where 70% of the plants displayed disease symptoms) (Fig. 5B) .
Marine-derived isolates are antagonistic to phytopathogens. All of the
To assess whether the success in reducing disease incidence involves features of plant-biocontrol agent interactions, we first determined the extent of bean seedling root colonization by the Trichoderma strains. When evaluated 2 weeks after application, both strains were found to be efficient root system colonizers (Fig. 5C) . Strain O.Y. 3807 showed an exceptionally high ability to colonize the root system, significantly higher than that of the terrestrial T203 strain (Fig. 5C ). However, when the kinetics of the colonization was examined, isolate O.Y. 3807 was recovered from the root tissues first after 48 h, while strains O.Y. 1607 and T203 were found to be able to penetrate the epidermis layers (examined microscopically) 12 h after the inoculation (data not shown).
On the basis of these results, we examined the ability of these strains to induce defense responses to the foliar bacterial pathogen P. syringae pv. lachrimans in hydroponic cultures of cucumber seedlings. Strains O.Y. 1607 and O.Y. 3807 both significantly reduced bacterial proliferation in leaves (to 43 and 50%, respectively) in a manner similar to that of T203 (Fig. 5D ). Based on these results and the fact that these a The retention index (RI) was calculated according to the retention index guide (http://massfinder.com/wiki/Retention_index_guide) using an alkaline standard solution (C8-C20) as the reference.
b Results are listed as peak area (%) of the headspace. Peak areas of individual compounds were calculated as percentage of the total area of the compounds appearing on the chromatogram and identified using a reference (NIST/EPA/ NIH) mass spectral library. ND, not detected.
Trichoderma isolates do not colonize upper plant tissue (data not shown), we concluded that these strains activate an induced systemic resistance response in plants (as has been demonstrated previously with other isolates [37] ).
DISCUSSION
Reports on the presence of fungi in marine environments are rapidly accumulating (with more than 500 species described already [18] ). Whether or not marine fungi (as an accepted ecological group) have evolved in the sea or have secondarily adapted to life in the marine environment is still an open question (discussed in reference 18). The question is further complicated when distinctions between so-called true marine fungal species (obligates of the marine environment) and those not restricted to marine habitats are made. Based on the diversity of fungal species present in marine environments (ranging from Chytrids to Dikarya), it is likely that the answer to this question is not conclusive.
The presence of Hypocrea/Trichoderma species in marine niches has been observed (29, 30, 48) . In some cases, unique traits have been identified for these species from marine environments (12, 33) . The studies of Hypocrea/Trichoderma from marine habitats often reveal high applied value of the isolates or their compounds to, e.g., catalyze the hydrolysis of benzyl glycidyl ether (24) , and they reveal unique aminolipopeptides active against dormant mycobacteria (30) as well as several other novel compounds (39, 52) . In most studies of Hypocrea/ Trichoderma from marine environments, isolates have been identified only to the genus level, so further applied values and characteristics of the species remain unknown.
In this study, we report on the diversity of the Trichoderma species isolated from a marine sponge. We suggest that their special characteristics, which differentiate them from their terrestrial counterparts, are advantageous in the biological control of plant pathogens in arid agricultural zones where saline water irrigation is becoming more common. The isolates were identified as members of four established common species, most of which exhibit high opportunistic activity. Strains of H. atroviridis/T. atroviride and T. harzianum sensu lato species complex (H. pseudoharzianum nom. prov.) (10) are well known to be applied as biocontrol agents due to their high antagonistic potential. Moreover, the T. longibrachiatum-H. orientalis species pair has been frequently identified as the causal agent of invasive Trichoderma mycoses (8, 19) . Considering the high numbers of marine sponge T. longibrachiatum-H. orientalis isolates, we can hypothesize that the associations between this species pair and animals are not uncommon, but are until now, except with humans, not well studied.
All of the isolated species generally are found in environmental samples worldwide (Fig. 2) . Regarding the number of identified species, the diversity of Trichoderma species in the Psammocinia sp. sponge samples is relatively low. However, considering the extreme environmental conditions, e.g., osmotic pressure and the physical effects of the water filtration through the sponge's oscula, the sponge may well be defined as an extreme environment for fungal inhabitation. The strains isolated from a large number of Psammocinia sponges indicate that the biodiversity in marine sponges is not random and could be determined by the low species variability, so only the aggressive opportunistic species survive in these extreme conditions. However, it is interesting that, despite this low species richness, three of the isolates represent two putatively new phylogenetic species, 14707 is recognized as a new phylogenetic species. In both cases, none of the strains belonging to these two species revealed special traits that would lead us to speculate that they are limited to this environment. Furthermore, given the fact that some Trichoderma strains have been reported to be potential agents of human mycosis in immunocompromised individuals (8, 19) , proper risk assessment analyses is warranted prior to biocontrol use in agriculture.
We have shown that isolates O.Y. 3807 and O.Y. 1607, identified as T. atroviride and T. asperelloides, respectively, can inhibit three major plant pathogens in vitro and are effective in reducing R. solani damping off in beans in vivo. These isolates also exhibit a very good growth adaptation to saline environments in vitro and therefore are promising candidates for the development of biocontrol formulations based on Trichoderma for the amelioration of plant growth in saline soils. Fungi have been shown to develop extrusion systems to keep levels of intracellular sodium below concentrations toxic to the cell (13) . Transcriptional data indicate important differences in the cellular processes of osmoadaptation between halotolerant and salt-sensitive fungi (45) .
Furthermore, even slight alterations in conserved modules involved in salt stress tolerance, as has been found in halotolerant fungi (e.g., in the high-osmolarity glycerol [HOG] signaling pathway), can contribute to adaptation to saline environments (17) .
Changes in the membrane properties also have important functions in the adaptation to different stress situations, and different sterol-to-phospholipid ratios and fatty acid compositions in different fungi can have important effects on the properties of membranes. In Saccharomyces cerevisiae, the main pathway involved in sensing changes in Na ϩ concentrations and in responding to them is known as the HOG signaling pathway, which controls the expression of others osmoresponsive genes. The hog1 gene homologue was isolated and characterized from T. harzianum (5) and was shown to be important for the hyperosmotic stress response but also for fungus-fungus interactions.
The involvement of chitinases in mycoparasitism (including in Trichoderma) is still an open question (36, 47) . Based on our results, the chitinolytic activities of the tested isolates did not show any adaptation to high salt, as they all were strongly inhibited by the addition of 2% NaCl (Table 2 ), a concentration which otherwise stimulates the growth of these fungi ( Fig.  3 ; also see Fig. S1 in the supplemental material). These data may indicate that the chitinolytic activities are not of primary importance for the antagonistic potential of these strains in a marine environment but still are sufficient to allow fungal development, as it is known that some chitinases are required for hyphal growth (1) .
As the biocontrol activity of the tested strains against terrestrial phytopathogens is not based primarily on their mycoparasitism, as has been shown by our in vitro assays, the significance of a lack in chitinase adaptation to salt may be small. VOL. 77, 2011 MARINE TRICHODERMA SPP. AS BIOLOGICAL CONTROL AGENTS 5107
Furthermore, the salt concentrations used in our in vitro assays are extremely high (15 dS m Ϫ1 ) compared to the salinity levels that can be reached in soils and still allow plant growth (5 dS m Ϫ1 or less). Hence, there also may be a difference in the contribution of chitinase activities in fungus-fungus interactions in marine and terrestrial environments.
Both of these strains secrete antimicrobial water-soluble and volatile metabolites, and since no direct interaction could be observed between O.Y. 3807 and R. solani or A. alternata, antibiosis and ISR are the most likely prevailing mechanisms of the antagonism of this strain to these diseases. As shown in the volatile GC-MS analysis, T. atroviride O.Y. 3807 is a very strong producer of 6-pentyl-2H-pyran-2-one, a compound well known for its antifungal and plant growth-promoting activities (46) .
Trichoderma spp. able to interact with plant roots now are regarded as endophytic plant symbionts and general anti-stress factors. This close interaction with the roots induce increased resistance of the plant to various biotic stresses through induced or acquired systemic resistance and also to abiotic stresses, such as water deficit/excess, high salinity, and extreme temperature (23, 25) .
We have shown that strains O.Y. 3807 and O.Y. 1607 are good root colonizers (Fig. 5C ). Hence, they can be used as potential inducers of more general defense responses in plants, as exemplified in this study by inducing resistance against the bacterial foliar pathogen P. syringae pv. lachrimans (Fig. 5D) .
Saline-tolerant Trichoderma strains may be implemented in plant disease management in extreme conditions together with resistant plants created by traditional breeding or genetic manipulation efforts. The extent of physiological modifications accompanying the adaptation of these fungi to the marine environment has yet to be fully elucidated. The implications of the changes may extend beyond halotolerance and may include additional characteristics advantageous to biocontrol in changing environments. These may be differentially expressed on the basis of the host-pathogen system and the surrounding conditions. Such advantages may prove beneficial in light of the complexity of the alterations accompanying the use of saline water (including variations among sources of saline water) for irrigation, ranging from effects on soil properties to rhizosphere communities to the physiological state of the plant as well as pathogens. Regardless, adaptation to higher salt concentrations can be used to reduce the probability of fungal/ bacterial contamination in Trichoderma stocks intended for liquid formulations in the on-site cultivation of strains (14) . Thus, the maintenance and/or cultivation of such strains in salt-amended medium also may be an avenue for exploiting the characteristics of marine-derived Trichoderma spp.
Our results support evidence that, in addition to traditional potential biotechnological applications (31), the marine ecosystem is a valuable source for potential antagonists of plant pathogens. The marine fungal community is comprised of obligate and facultative fungal species, and some of the latter are found in terrestrial ecosystems as well. Fungi have evolved biologically and biochemically in a diverse manner that has allowed them to utilize various substrates, but key questions that remain unanswered are whether or not fungi are living in sponges, whether the sponges only harbor spores, and whether fungal hyphae remain dormant until proper nutrient conditions are encountered for growth.
